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http://dx.doi.org/10.10g posture is associated with musculoskeletal symp-
toms and quality of life. However, the frequency and determinants of suboptimal sagittal alignment
outside the clinical context remain to be clarified.
PURPOSE: To estimate the association of sociodemographic, anthropometric, and behavioral
characteristics with sagittal standing posture among adults from the general population.
STUDY DESIGN: Cross-sectional evaluation of a population-based sample.
PATIENT SAMPLE: As part of the EPIPorto study, 489 adults were assessed during 2005
to 2008.
OUTCOME MEASURES: Individual spinopelvic parameters were measured. Additionally, par-
ticipants were classified into one of four types of sagittal postural patterns (Roussouly classification:
Types 1, 2, and 4 corresponding to nonneutral postures and Type 3 to a neutral posture).
METHODS: Spinopelvic parameters were recorded from 36-inch sagittal radiographs obtained in
free-standing posture. Age, sex, education, occupation, body mass index (BMI), waist circumfer-
ence, total physical activity, leisure time physical activity, time spent in sitting position, smoking
status, and tobacco cumulative exposure were collected. Individual parameters and patterns of sag-
ittal posture were compared across categories of participants’ characteristics.
RESULTS: Older age, lower educational level, blue collar occupation, and overall and central
obesity were associated with increased sagittal vertical axis and pelvic tilt/pelvic incidence ratio.
Taking the neutral postural pattern (Type 3) as reference for the outcome in a multinomial regres-
sion model, independently of age, sex, education, total physical activity, and smoking status,
overweight adults had higher odds of Type 2 (odds ratio [OR]51.92; 95% confidence interval
[CI]: 1.13–3.27) and Type 4 (OR52.13; 95% CI: 1.16–3.91) postural patterns in comparison with
normal weight subjects. Overall and central obesity were positively related with Type 1 postural
pattern (OR56.10, 95% CI: 1.52–24.57 and OR53.54, 95% CI: 1.13–11.11, respectively). There
was also a weak direct association between female sex and Type 1 postural pattern. Regarding
behavioral factors, subjects with total physical activity above the first third exhibited all nonneu-
tral postural patterns less frequently, and current smokers were more likely to present a Type 4
postural pattern.
CONCLUSIONS: Higher BMI and central obesity were important potential determinants of non-
neutral posture among adults from the general population. Future research should investigate thestatus: Not applicable.
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Sagittal standing spinopelvic alignment is a known de-
terminant of musculoskeletal symptoms and quality of life
in samples of patients with diverse spinal conditions [1–4].
Among the complex set of parameters that comprise stand-
ing posture, sagittal balance and pelvic tilt were identified
as those most strongly associated with pain and physical
disability [2,3].
Suboptimal sagittal alignment and its attributable dis-
ability are among the most frequent reasons for adults to
seek health care. In 2010, musculoskeletal spinal conditions
were accountable for the loss of 116,704 disability-adjusted
life years worldwide, and this indicator almost duplicated
in a 10-year time frame [5]. Low back pain alone—whose
patients frequently exhibit smaller lumbar lordosis and a
more vertical sacrum in clinical practice [6–8]—globally
accounts for the leading number of years in which individ-
uals live with disability [5].
Conservative and surgical treatments attempting to
change the prognosis of sagittal misalignment spinal condi-
tions are available [9–12], but these approaches are com-
monly saved for relatively advanced stages of the disease
course. Additionally, knowledge on primary prevention
strategies to avoid suboptimal sagittal alignment is clearly
lacking. For such evidence to be produced, research on
the causes of sagittal misalignment is warranted.
The development of a suboptimal sagittal posture is a
complex occurrence, reflecting exposure to diverse interre-
lated factors, both at the individual and contextual levels.
In previous studies of adult samples selected based on
the absence of clinically relevant orthopedic conditions,
sagittal spinopelvic alignment was found to be associated
with age [13–16], sex [13,17,18], and body mass index
(BMI) [19]. However, even this small group of potential
determinants has not been consensual and the possible link
between contextual variables and upstream sagittal stand-
ing posture phenotypes has been rarely assessed.
Furthermore, previous evidence on standing alignment
has originated from highly selected samples of patients or
healthy subjects, probably excluding an important fraction
of population variability and limiting the generalizability
of findings regarding the general adult population.
Recently, it was suggested that the study of extreme
sagittal alignment etiology should be based on overall
postural patterns rather than on single alignment parame-
ters [18,20,21]. Nevertheless, postural patterns have seldom
been researched, namely regarding their population fre-
quency and potential determinants.
Identifying individual and contextual determinants of
nonneutral sagittal standing posture among adults fromthe general population may allow for the recognition of
groups that will be more likely to develop sagittal
posture-related diseases and for the development of primary
prevention strategies focusing on modifiable determinants.
Using data from a population-based sample of adults,
our aim was to estimate the association of sociodemo-
graphic, anthropometric, and behavioral characteristics
with sagittal posture, considering both individual alignment
parameters and standing postural patterns.Participants and methods
Participants were evaluated as part of the EPIPorto co-
hort study that comprises a sample of Portuguese adults,
living in the city of Porto. As previously described [22], re-
cruitment was performed in 1999 to 2003 by random digit
dialing using households as the sampling frame. In each
household identified, a resident aged 18 years or more
was randomly selected for evaluation without replacement
if a refusal occurred. A participation proportion of 70.0%
was initially achieved and 67.7% of subjects were reeval-
uated during 2005 to 2008. Of these, a subsample of 518
subjects consecutively evaluated was invited to undergo
X-ray examination. Subjects were excluded if they had in-
strumentation of the spine (n52), hip arthroplasty (n510),
and inflammatory spinal arthropathies (n517). The final
sample included 489 subjects that were evaluated by
trained health professionals after a standardized protocol.
The sample size allowed for the estimation of a 5% preva-
lence of Type 1 postural pattern, with 2% precision and
80% power, at a 95% confidence level.
The ethics committee of Hospital de S~ao Jo~ao approved
the study protocol. All participants gave written informed
consent to participate in the study.
Sagittal spinopelvic alignment
Radiographic data collection consisted of 36-inch stand-
ing sagittal radiographs obtained in free-standing posture,
performed by one of eight radiology technicians according
to routine operating procedures. All radiographic films
were digitized using a Vidar scanner (Vidar Systems Corp.,
Herndon, VA, USA) with 75 dpi resolution and 12 gray lev-
els and then analyzed using a spine dedicated software with
a precision of 0.1 in angles and 0.1 mm in distances (Sec-
tra Imtec AB, Link€oping, Sweden). Radiographic spinopel-
vic measures were recorded by a single physical therapist
who was trained to the effect and remained blind regarding
sociodemographic, anthropometric, and behavioral partici-
pants’ characteristics.
Context
The importance of sagittal balance and spino-pelvic
alignment has been increasingly appreciated for a num-
ber of dimensions within the field of spine surgery. At
the same time, socio-demographic and patient-based
factors that may adversely influence sagittal alignment
are not well understood. Using a population-based sam-
ple, the authors sought to correlate a number of factors
with non-neutral posture.
Contribution
The authors illustrate the role that elevated BMI and
central obesity play in increasing the risk of sagittal ma-
lalignment in individuals living in the city of Porto,
Portugal.
Implications
The present study adds to the current literature by high-
lighting the adverse effect that obesity in general, and
central obesity in particular, have on sagittal balance
and posture. The ultimate impact that this reality may
have on the development of spinal disorders can cer-
tainly be postulated, but cannot truly be addressed due
to the cross-sectional design of this investigation. Fur-
thermore, ethno-cultural and socio-demographic param-
eters unique to the demographic under consideration
might impair generalization of these findings to individ-
uals in the United States or elsewhere. Clearly, more
work of this kind, longitudinal in nature, is necessary be-
fore definitive conclusions can be drawn.
—The Editors
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Parameters measured included lumbar lordosis, number
of vertebrae in lumbar lordosis, sagittal vertical axis (neg-
ative when posterior to the posterosuperior corner of S1),
pelvic incidence, pelvic tilt, and sacral slope (Fig. 1). Lum-
bar lordosis and the number of vertebrae in lumbar lordosis
were assessed, taking into account the point where the ori-
entation of the spinal curvatures changed from lordosis to
kyphosis (inflection point) [23]. This morphological point
was defined to be located in the distal intervertebral space
of the most tilted thoracolumbar vertebra. Because pelvic
parameters are geometrically related [24], pelvic tilt/pelvic
incidence ratio was computed to indicate the extent of pel-
vic retroversion for a given pelvic incidence.
Postural patterns
Sagittal postural pattern was then determined for each
participant in respect to the classification by Roussouly
et al. [23], based primarily on sacral slope and then on
the number of vertebrae in lumbar lordosis, as recently sug-
gested [6]. Specifically, a Type 1 was assigned if sacral
slope was less than 35.5 and number of vertebrae in lum-
bar lordosis less or equal to three; Type 2 if sacral slope was
less than 35.5 and number of vertebrae in lumbar lordosis
more than three; Type 3 if sacral slope was between 35.5
and 44.4, and a Type 4 if sacral slope was higher than or
equal to 44.5.
Operationally, Type 3 corresponds to a balanced and
neutral sagittal postural pattern, whereas others represent
different nonneutral sagittal standing postures. Types 1
and 2 show a small degree of lumbar lordosis with Type
1, representing a nonharmonious spine characterized by
thoracolumbar kyphosis and short lumbar lordosis, where-
as Type 2 denotes a regular flat spine presenting longer
lumbar region. On the opposite extreme, Type 4 postural
pattern indicates a generally hypercurved and harmonious
spine [23].
Sociodemographics
Age was categorized in three groups: younger than 40
years, 40 to 64 years, and 65 years or older. Education
was recorded as completed years of schooling and aggre-
gated in three categories: up to 4 years, 5 to 9 years, 10
years or higher. Occupations were classified in major pro-
fessional groups according to the National Classification
of Occupations (version 1994) [25] and grouped in three
categories: blue collar, lower white collar, and upper white
collar. A more detailed description of each occupational
group has been already published [26]. Housewives
(n546) were analyzed separately and six students were
not considered in the occupational analysis.
Anthropometrics
Anthropometric data were obtained with participants in
light indoor clothing and barefoot. Body weight wasmeasured to the nearest 0.1 Kg using a digital scale (SECA,
Columbia, USA), and height was measured to the nearest
centimeter with a wall stadiometer (SECA, Hamburg, Ger-
many) in standing position. Body mass index was calculated
as weight (kilograms) divided by squared height (meters)
and categorized in three groups: normal weight (BMI less
than 25.0 Kg/m2), overweight (BMI 25.0 to 29.9 Kg/m2),
and obese (BMI equal to or above 30.0 Kg/m2) [27]. Waist
circumference was measured midway between the lower
limit of the rib cage and the iliac crest and hip circumfer-
ence was measured over the femoral trochanters, both to
the nearest centimeter. Participants were standing and a flex-
ible and nondistensible tape was used to avoid exerting pres-
sure on tissues. Central obesity was considered present if
waist circumference was higher than 102.0 cm for men
and 88.0 cm for women [27].Behavioral characteristics
Physical activity was assessed using a previously
validated questionnaire [28]. Standard metabolic energy
Fig. 1. Measurement technique of (Left) spinal and (Right) pelvic sagittal radiographic parameters.
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expenditure compared with the resting metabolic rate [29].
Daily activities were classified as very light, light, moder-
ate, and heavy intensity, corresponding to an average of
1.5, 2.5, 5.0, and 7.0 MET, respectively [30]. Energy expen-
diture was estimated through multiplication of the corre-
sponding MET value by the time spent in each activity.
Total physical activity comprised all activities during the
entire day (sleep, work, household chores, and leisure time
activities), whereas leisure time physical activity included
leisure time activities only (sedentary activities such as
watching television and different types of exercises). Sex-
specific thirds were created for total and leisure time phys-
ical activity. Participants also self-reported the average time
spent per day in sitting position during leisure time, and the
median of the distribution was used to classify exposure.
Participants were classified as never smokers, former
smokers (having quit smoking for at least 6 months),
and current smokers (including daily and occasional
smokers) [31]. Tobacco consumption over the life course
was calculated as the result of multiplying the average
number of cigarette packs smoked per year (during the
longest period of constant exposure dose) by the number
of smoking years. Categorization was then performed:
never smokers, lower and higher tobacco consumption
(cutoff based on the median of the distribution among
those who had ever smoked).Statistical analysis
Descriptive data for radiographic spinopelvic parameters
were reported as median (25th percentile, 75th percentile).
The statistical significance of differences in radiographic
parameters between categories of participants’ characteris-
tics was assessed through Mann-Whitney or Kruskal-Wallis
tests (as appropriate) and between types of sagittal postural
patterns through the Kruskal-Wallis test.Multinomial logistic regression was performed using as
outcome a dependent variable with four categories, each
corresponding to one of the four postural patterns. Crude
and adjusted odds ratios (OR) with 95% confidence inter-
vals (95% CI) were estimated to quantify the associations
of sociodemographic, anthropometric, and behavioral char-
acteristics with each of the three nonneutral sagittal postur-
al patterns (Types 1, 2, and 4), having always Type 3
(neutral) as reference category. Associations were adjusted
for age, sex, education, BMI, total physical activity, and
smoking status.Results
Table 1 describes individual radiographic parameters ac-
cording to categories of each sociodemographic, anthropo-
metric, and behavioral characteristics. Median pelvic
incidence was 3.9 higher in less educated participants than
in those presenting the highest educational level. Sagittal
balance was more anteriorly displaced in older adults and
among those with lower level of formal education or blue
collar occupations. Sagittal vertical axis was also higher
in participants with central obesity, among those in the
1st third of total physical activity or reporting longer peri-
ods spent in sitting position. Although no statistical differ-
ence was observed between groups, blue collar workers and
overall and centrally-obese participants presented a higher
median pelvic incidence and obesity was related with great-
er sagittal vertical axis. All of the previous characteristics,
except for total physical activity and time spent in sitting
position, were significantly associated with higher median
pelvic tilt/pelvic incidence ratio.
The prevalence of Type 1, 2, 3, and 4 postural pat-
terns was 4.9%, 31.3%, 42.3%, and 21.5%, respectively.
Descriptive data relating to radiographic sagittal spinopel-
vic parameters in the types of postural patterns are shown
Table 1
Median (25th percentile, 75th percentile) of radiographic sagittal spinopelvic parameters according to categories of sociodemographic, anthropometric d behavioral characteristics
Characteristics
All participants,
n (%) Pelvic incidence p Pelvic tilt p Sacral slope p Lumbar lordosis p Sagi l vertical axis p
Pelvic tilt/pelvic
incidence ratio p
All participants (n5489) 54.1 (46.6, 62.6) 15.8 (11.2, 21.1) 38.7 (32.8, 43.7) 61.6 (54.5, 69.2) 15 (38.8, 6.2) 0.29 (0.23, 0.36)
Sociodemographic
Age, y (n5489)
!40 57 (11.7) 55.4 (44.9, 63.8) .139 15.2 (9.0, 21.0) .001 39.8 (34.2, 45.2) .167 64.0 (57.0, 71.2) .184 39 (59.7, 20.1) !.001 0.27 (0.19, 0.33) !.001
40–64 238 (48.7) 51.8 (45.8, 61.8) 14.9 (10.6, 19.6) 39.1 (32.9, 43.2) 61.5 (54.5, 68.3) 26 (47.0, 7.5) 0.28 (0.22, 0.35)
$65 194 (39.7) 55.4 (47.5, 63.1) 17.0 (12.5, 22.6) 37.7 (32.0, 43.9) 61.2 (53.2, 68.8) 2 (18.2, 23.0) 0.32 (0.25, 0.38)
Sex (n5489)
Men 178 (36.4) 54.1 (47.0, 62.3) .693 15.9 (11.3, 19.9) .586 38.7 (32.6, 44.3) .838 61.0 (54.5, 68.7) .603 14 (36.9, 6.68) .508 0.29 (0.23, 0.35) .602
Women 311 (63.6) 54.1 (45.9, 63.1) 15.6 (11.1, 21.8) 38.8 (33.2, 43.3) 62.1 (54.6, 69.4) 16 (39.9, 5.7) 0.29 (0.22, 0.36)
Education, y (n5489)
#4 184 (37.6) 56.4 (48.3, 65.0) .006 17.0 (12.5, 22.8) .001 39.6 (32.9, 44.1) .272 61.6 (54.1, 71.0) .567 6 (26.3, 15.5) !.001 0.31 (0.24, 0.38) .015
5–9 137 (28.0) 52.6 (44.5, 59.4) 15.2 (10.6, 19.6) 37.4 (31.5, 43.5) 60.9 (52.6, 68.3) 24 (42.8, 3.0) 0.28 (0.22, 0.35)
$10 168 (34.4) 52.5 (45.0, 63.0) 15.3 (9.7, 20.2) 39.2 (33.5, 43.6) 63.2 (55.2, 68.6) 26 (48.3, 5.9) 0.29 (0.22, 0.36)
Occupation (n5483)*
Blue collar 147 (30.4) 56.1 (48.7, 64.9) .052 16.7 (12.9, 22.9) .016 39.7 (33.7, 44.6) .361 63.3 (54.6, 70.3) .414 8 (32.1, 12.0) .002 0.32 (0.24, 0.37) .048
Lower white collar 133 (27.5) 53.1 (43.8, 62.3) 15.0 (10.7, 20.0) 38.9 (32.7, 43.1) 61.1 (54.1, 70.1) 19 (47.7, 9.3) 0.28 (0.22, 0.35)
Upper white collar 157 (32.5) 52.6 (46.1, 61.2) 15.3 (10.1, 20.1) 38.0 (33.1, 43.6) 62.1 (54.9, 67.8) 25 (43.2, 0.2) 0.29 (0.22, 0.36)
Housewives 46 (9.5) 53.9 (44.7, 58.4) 16.1 (11.1, 21.1) 37.1 (29.8, 42.9) 58.8 (49.2, 68.6) 11 (33.2, 7.9) 0.32 (0.21, 0.37)
Anthropometrics
BMI (n5489)y
Normal weight 170 (34.8) 52.2 (46.5, 59.4) .141 14.2 (8.38, 18.1) !.001 39.2 (34.5, 43.5) .503 61.9 (54.9, 69.5) .644 25 (44.8, 4.1) .067 0.26 (0.19, 0.33) !.001
Overweight 211 (43.1) 54.4 (45.9, 63.3) 16.5 (12.2, 22.4) 38.3 (32.1, 43.9) 61.4 (53.7, 68.4) 14 (36.6, 8.1) 0.32 (0.26, 0.37)
Obese 108 (22.1) 56.5 (46.6, 64.4) 17.1 (12.3, 22.4) 38.6 (31.3, 42.6) 61.8 (54.7, 71.2) 13 (34.7, 4.4) 0.31 (0.24, 0.38)
Waist circumference
(n5487)z
No central obesity 287 (58.9) 53.2 (45.0, 61.0) .068 15.1 (10.0, 19.5) !.001 39.1 (33.4, 43.9) .395 61.9 (54.7, 69.2) .966 22 (42.9, 1.8) !.001 0.28 (0.21, 0.35) !.001
Central obesity 200 (41.1) 55.0 (47.6, 64.0) 17.2 (12.5, 22.7) 38.5 (31.9, 43.1) 61.4 (53.9, 69.1) 10 (31.9, 11.6) 0.32 (0.25, 0.39)
Behavioral
Total PA (n5430)x
1st third 133 (30.9) 53.9 (45.1, 60.1) .763 15.4 (11.4, 20.9) .991 37.9 (31.1, 44.0) .528 61.8 (53.3, 68.0) .397 10 (36.9, 10.8) .010 0.30 (0.23, 0.37) .543
2nd third 158 (36.7) 54.8 (46.6, 62.3) 15.8 (11.2, 20.0) 39.0 (33.7, 43.4) 62.1 (55.1, 69.5) 15 (39.7, 7.5) 0.28 (0.22, 0.35)
3rd third 139 (32.3) 53.0 (45.9, 63.6) 15.6 (10.8, 20.9) 39.0 (32.7, 43.5) 61.4 (54.7, 68.6) 23 (43.5, 7.2) 0.30 (0.23, 0.36)
Leisure time PA (n5483){
1st third 135 (28.0) 53.2 (47.0, 63.7) .345 16.1 (11.8, 21.0) .117 40.0 (32.8, 43.9) .597 63.0 (54.9, 71.4) .274 21 (43.5, 3.3) .038 0.30 (0.23, 0.35) .226
2nd third 188 (38.9) 52.9 (45.8, 60.9) 15.2 (10.5, 20.6) 38.4 (32.5, 43.4) 61.6 (53.3, 68.4) 19 (40.5, 4.7) 0.29 (0.21, 0.36)
3rd third 160 (33.1) 55.5 (46.8, 63.0) 16.3 (11.5, 21.8) 38.6 (33.4, 44.1) 61.3 (53.4, 67.6) 11 (34.7, 10.7) 0.30 (0.24, 0.36)
Sitting position (n5487)k
Below or at the
median
248 (50.9) 53.2 (45.9, 63.3) .851 15.3 (10.8, 20.2) .140 39.5 (33.3, 43.9) .187 62.3 (55.4, 70.4) .060 21 (43.4, 1.5) .002 0.29 (0.22, 0.35) .065
Above the median 239 (49.1) 54.9 (47.0, 62.1) 16.2 (11.4, 21.6) 38.1 (32.0, 43.4) 61.1 (52.5, 67.5) 12 (34.5, 9.9) 0.30 (0.23, 0.36)
(Continued)
2
3
7
7
F.
A
ra u
jo
et
a
l.
/
T
h
e
S
p
in
e
Jo
u
rn
a
l
1
4
(2
0
1
4
)
2
3
7
3
–
2
3
8
3, an
tta
.9
.6
.3
.1
.9
.8
.3
.3
.3
.1
.8
.2
.7
.2
.7
.1
.2
.4
.5
.6
.7
.6
.2
.6
.6
.0
T
ab
le
1
(C
on
ti
n
u
ed
)
C
ha
ra
ct
er
is
ti
cs
A
ll
p
ar
ti
ci
p
an
ts
,
n
(%
)
P
el
v
ic
in
ci
d
en
ce
p
P
el
v
ic
ti
lt
p
S
ac
ra
l
sl
o
p
e
p
L
u
m
b
ar
lo
rd
os
is
p
S
ag
it
ta
l
ve
rt
ic
al
ax
is
p
P
el
v
ic
ti
lt
/p
el
v
ic
in
ci
d
en
ce
ra
ti
o
p
S
m
o
k
in
g
st
at
u
s
(n
5
4
8
8
)#
N
ev
er
2
9
7
(6
0
.9
)
5
4
.4
(4
6
.6
,
6
2
.7
)
.6
1
1
1
6
.2
(1
1
.3
,
2
1
.6
)
.5
6
4
3
9
.2
(3
2
.9
,
4
3
.6
)
.4
0
1
6
1
.2
(5
4
.7
,
6
9
.3
)
.7
3
0
1
3
.5
(
3
7
.8
,
9
.8
)
!
.0
0
1
0
.3
0
(0
.2
3
,
0
.3
6)
.4
3
0
F
o
rm
er
1
1
5
(2
3
.6
)
5
1
.0
(4
7
.0
,
6
2
.2
)
1
5
.5
(1
1
.3
,
1
9
.2
)
3
7
.9
(3
2
.1
,
4
3
.3
)
6
1
.9
(5
4
.5
,
6
7
.6
)
1
2
.6
(
3
4
.5
,
3
.6
)
0
.2
9
(0
.2
2
,
0
.3
4)
C
u
rr
en
t
7
6
(1
5
.6
)
5
5
.1
(4
5
.0
,
6
3
.8
)
1
5
.4
(1
0
.8
,
2
0
.1
)
3
9
.9
(3
3
.5
,
4
5
.0
)
6
3
.7
(5
2
.8
,
7
1
.1
)
3
2
.7
(
4
8
.2
,
1
4
.0
)
0
.2
7
(0
.2
2
,
0
.3
6)
T
o
b
ac
co
co
n
su
m
p
ti
o
n
(n
5
4
8
1
)*
*
N
o
n
e
2
9
7
(6
1
.7
)
5
4
.4
(4
6
.6
,
6
2
.7
)
.7
0
0
1
6
.2
(1
1
.3
,
2
1
.6
)
.4
7
0
3
9
.2
(3
2
.9
,
4
3
.6
)
.5
7
8
6
1
.2
(5
4
.7
,
6
9
.3
)
.7
3
6
1
3
.5
(
3
7
.8
,
9
.8
)
.1
1
0
0
.3
0
(0
.2
3
,
0
.3
6)
.3
8
3
L
ow
er
9
2
(1
9
.1
)
5
0
.6
(4
4
.6
,
6
3
.7
)
1
6
.2
(1
1
.0
,
2
0
.0
)
3
7
.7
(3
2
.1
,
4
2
.9
)
6
1
.7
(5
3
.1
,
6
9
.1
)
2
1
.6
(
4
3
.6
,
2
.5
)
0
.2
9
(0
.2
2
,
0
.3
6)
H
ig
he
r
9
2
(1
9
.1
)
5
4
.7
(4
7
.2
,
6
2
.1
)
1
5
.3
(1
1
.2
,
1
8
.9
)
3
8
.8
(3
2
.9
,
4
4
.9
)
6
3
.2
(5
4
.4
,
6
9
.3
)
2
4
.6
(
3
9
.2
,
0
.8
)
0
.2
8
(0
.2
2
,
0
.3
5)
B
M
I,
b
o
d
y
m
as
s
in
d
ex
;
PA
,
p
h
y
si
ca
l
ac
ti
v
it
y
;
M
E
T
,
m
et
ab
o
li
c
en
er
g
y
eq
u
iv
al
en
t
ta
sk
.
*
S
ix
st
ud
en
ts
w
er
e
n
o
t
co
n
si
d
er
ed
in
th
e
an
al
ys
is
.
y
N
o
rm
al
w
ei
g
ht
:
B
M
I
!
2
5
.0
K
g
/m
2
;
O
ve
rw
ei
g
h
t:
2
5
.0
K
g
/m
2
#
B
M
I!
3
0
.0
K
g
/m
2
;
O
b
es
e:
B
M
I
$
3
0
.0
K
g
/m
2
.
z
C
en
tr
al
o
b
es
it
y
d
efi
n
ed
as
w
ai
st
ci
rc
u
m
fe
re
n
ce
O
1
0
2
.0
cm
in
m
en
an
d
O
8
8
.0
cm
in
w
o
m
en
.
x
T
h
ir
d
s
o
f
to
ta
l
PA
(M
E
T
-h
/d
):
!
1
.3
9,
1
.3
9
to
1
.5
7,
O
1
.5
7
fo
r
m
en
an
d
!
1
.4
2,
1
.4
2
to
1
.5
0
,O
1
.5
0
fo
r
w
o
m
en
.
{
T
h
ir
d
s
o
f
le
is
u
re
ti
m
e
PA
(M
E
T
-h
/d
):
!
4
.5
0,
4
.5
0
to
7
.2
3,
O
7
.2
3
fo
r
m
en
an
d
!
3
.0
0,
3
.0
0
to
5
.9
2,
O
5
.9
2
fo
r
w
o
m
en
.
k
M
ed
ia
n
eq
u
al
to
2
.5
0
h
/d
.
#
N
ev
er
:
p
ar
ti
ci
p
an
t
th
at
n
ev
er
sm
o
k
ed
;
F
o
rm
er
:
p
ar
ti
ci
p
an
t
th
at
st
op
p
ed
sm
o
k
in
g
fo
r
at
le
as
t
6
m
o
n
th
s;
C
ur
re
n
t:
p
ar
ti
ci
p
an
t
th
at
sm
o
k
es
d
ai
ly
o
r
o
cc
as
io
n
al
ly
.
*
*
N
o
n
e:
p
ar
ti
ci
p
an
t
th
at
n
ev
er
sm
o
k
ed
;
L
ow
er
:
p
ar
ti
ci
p
an
t
th
at
sm
o
k
ed
#
7
,5
47
.0
3
ci
g
ar
et
te
p
ac
k
s
ac
ro
ss
li
fe
;
H
ig
he
r:
p
ar
ti
ci
p
an
t
th
at
sm
o
k
ed
O
7
,5
47
.0
3
ci
g
ar
et
te
p
ac
k
s
ac
ro
ss
li
fe
.
2378 F. Araujo et al. / The Spine Journal 14 (2014) 2373–2383in Table 2 and examples of each pattern are displayed using
sample participants’ radiographs in Fig. 2. Type 1 postural
pattern had the smallest median sacral slope, lumbar lordo-
sis, and number of vertebrae in lumbar lordosis, but the
highest median pelvic tilt and pelvic tilt/pelvic incidence
ratio.
The proportions of nonneutral postural patterns within
categories of selected sociodemographic, anthropometric,
and behavioral characteristics are displayed in Fig. 3.
Table 3 shows the associations between participants’ char-
acteristics and nonneutral postural patterns when compared
with the neutral pattern (Type 3) between categories of the
explanatory variables considered in the regression model.
Overweight adults had higher crude and adjusted odds of
Type 2 pattern (vs. Type 3) than normal weight subjects
(adjusted OR51.92; 95% CI: 1.13–3.27). The association
of overweight with Type 4 postural pattern (vs. Type 3)
was statistically significant when adjusted for other charac-
teristics. Being obese (adjusted OR56.10; 95% CI: 1.52–
24.57) and presenting central obesity (adjusted OR53.54;
95% CI: 1.13–11.11) were positively related with Type 1
postural pattern (vs. Type 3), but no statistical relation
was observed with Type 2 or 4 patterns.
Female sex was associated with Type 1 with borderline
significance (crude OR53.42; 95% CI: 0.99–11.88), even
when adjusted for sociodemographic, anthropometric, and
behavioral characteristics. Although nonsignificantly, sub-
jects in the 2nd and 3rd thirds of total physical activity
had lower adjusted odds of exhibiting all nonneutral postur-
al patterns, 0.35 and 0.69 in Type 1, 0.61 and 0.64 in Type
2, and 0.64 and 0.59 in Type 4, respectively. When adjusted
for other sociodemographic, anthropometric, and behavio-
ral characteristics, current smokers presented slightly high-
er odds of Type 4 postural pattern in comparison with never
smokers (OR52.09; 95% CI: 0.97–4.48).Discussion
In this population-based survey of frequency and corre-
lates of suboptimal alignment of standing posture, we ob-
served that older age, lower socioeconomic status, and
overall and central obesity were associated with higher an-
terior displacement of sagittal balance, with consequent in-
crease in compensatory pelvic retroversion. Body mass
index and central obesity were the characteristics more
strongly associated with nonneutral postural patterns.
It is believed that mechanical constraints imposed by
higher BMI in the first years of life could explain the pos-
itive association of BMI with pelvic incidence, sacral
slope, and lumbar lordosis in adults [19] and with hyper-
lordotic or sway standing postures in adolescents [32].
We have found a slight pelvic incidence increase with in-
creased BMI categories, although overweight and obesity
were associated with higher compensatory pelvic retrover-
sion leading to a more extreme nonneutral posture of small
Table 2
Radiographic sagittal spinopelvic parameters in types of postural patterns*
Parameters
Sagittal postural pattern
pType 1 (n524 [4.9%]) Type 2 (n5153 [31.3%]) Type 3 (n5207 [42.3%]) Type 4 (n5105 [21.5%])
Pelvic incidence,  46.5 (37.5, 54.7) 44.7 (39.7, 50.0) 55.4 (50.0, 60.3) 67.5 (62.3, 75.0) !.001
Pelvic tilt,  21.0 (10.8, 27.4) 14.9 (10.7, 18.9) 15.3 (10.7, 19.9) 17.4 (14.6, 26.1) !.001
Sacral slope,  27.4 (24.7, 32.1) 30.6 (27.6, 33.4) 40.2 (38.2, 42.1) 48.4 (45.9, 51.3) !.001
Lumbar lordosis,  44.4 (38.3, 49.6) 53.7 (48.1, 58.8) 63.3 (58.4, 67.7) 73.3 (68.3, 80.0) !.001
Vertebrae in lumbar lordosis 3.0 (3.0, 3.0) 5.0 (4.0, 5.0) 5.0 (4.0, 5.0) 5.0 (4.0, 6.0) !.001
Sagittal vertical axis, mm 4.4 (20.0, 26.6) 19.2 (39.9, 3.9) 18.9 (40.5, 4.8) 14.7 (37.5, 12.3) .068
Pelvic tilt/pelvic incidence ratio 0.44 (0.24, 0.49) 0.33 (0.27, 0.39) 0.27 (0.21, 0.33) 0.27 (0.22, 0.34) !.001
* Values are reported as median (25th percentile, 75th percentile).
2379F. Araujo et al. / The Spine Journal 14 (2014) 2373–2383lumbar lordosis (Types 1 or 2). Overweight but not obesity
was also associated with Type 4 postural pattern. This pos-
sibly denotes a natural tendency for adiposity to be related
with a hypercurved spine. As adiposity increases, this ef-
fect may be surpassed by pelvic adaptations that result in
an exclusive association between obesity and the Type 1
pattern—the most hypolordotic and unique nonharmonious
posture. The increased compensatory pelvic retroversion
observed in overall and central obesity among adults
may act as a cause or a consequence of previously de-
scribed higher functional limitations and disability in those
subjects [33,34]. The causal role of adiposity (general and
central) in anteriorly displacing sagittal balance remains to
be clarified, namely regarding the temporal sequence of the
events and the mechanisms underlying the nonlinear asso-
ciation between BMI categories and postural patterns.
Although the relation between adiposity and nonneutral
postural patterns was evident in our analyses, a previous
study has reported a similar distribution of postural pat-
terns across BMI categories [18], but differentFig. 2. Sagittal spinopelvic alignment in each postural pattern (Roussouly clasmeasurement technique, sample selection, ethnical back-
ground, and mainly lower statistical power could poten-
tially explain the observed lack of association.
It seems noteworthy that total and leisure time physical
activity were not clearly associated with sagittal posture.
However, subjects in the two highest thirds of total physical
activity could be protected from nonneutral postural pat-
terns, even though nonsignificantly. Previous evidence
shows that minimal levels of physical activity could prevent
the deterioration of strength, balance, and bone mineral
density [35–37] and sedentariness may cause loss of back
extensor strength that could lead to increased thoracic ky-
phosis [38,39] or decreased lumbar lordosis [38,39] and sa-
cral slope [39]. Additionally, the effect of physical activity
on adiposity is a probable intermediate link in the path be-
tween minimal levels of activity and lower frequency of
nonneutral postural patterns. However, the magnitude of
our association between physical activity and postural pat-
terns was independent of BMI adjustment, which probably
means that other causal pathways may exist. However,sification): (A) Type 1, (B) Type 2, (C) Type 3: neutral, and (D) Type 4.
Fig. 3. Proportions of nonneutral sagittal postural patterns within categories of selected sociodemographic, anthropometric, and behavioral characteristics.
2380 F. Araujo et al. / The Spine Journal 14 (2014) 2373–2383because of the expected lag time between exposure to
physical activity and the postural outcome, the direction
of the relation between physical activity levels and postur-
al patterns could only be confirmed through prospective
evidence, which is out of the scope of the present cross-
sectional study.
To compensate for age-related changes in spine with
progressive anterior balance [14,16], it is expected thatpelvic retroversion increases, affecting sagittal spinopelvic
alignment [14,40]. We have confirmed those results, albeit
without translating into changes in postural patterns. This is
in accordance with previous studies that reported only mod-
est postural adaptations with aging [13,15], without an ef-
fect in overall sagittal posture [18].
No differences were found between sexes regarding in-
dividual parameters of sagittal posture as reported by most
Table 3
Crude and adjusted associations of sociodemographic, anthropometric, and behavioral characteristics with nonneutral sagittal postural patterns
Characteristics
Sagittal postural pattern
Type 1 Type 2 Type 4
Crude
OR (95%CI)
Adjusted
OR (95% CI)*
Crude
OR (95% CI)
Adjusted
OR (95% CI)*
Crude
OR (95% CI)
Adjusted
OR (95% CI)*
Sociodemographic
Age, y (n5489)
!40 1.00 1.00 1.00 1.00 1.00 1.00
40–64 0.91 (0.18–4.48) 0.32 (0.05–1.97) 0.91 (0.45–1.83) 0.80 (0.36–1.77) 0.54 (0.26–1.12) 0.45 (0.19–1.06)
$65 2.14 (0.45–10.18) 1.31 (0.19–9.25) 1.34 (0.65–2.75) 1.25 (0.51–3.05) 0.95 (0.45–1.98) 0.80 (0.30–2.12)
Sex (n5489)
Men 1.00 1.00 1.00 1.00 1.00 1.00
Women 3.42 (0.99–11.88) 4.09 (0.81–20.7) 0.68 (0.44–1.05) 0.83 (0.49–1.40) 0.71 (0.43–1.15) 0.83 (0.46–1.51)
Education, y (n5489)
#4 1.00 1.00 1.00 1.00 1.00 1.00
5–9 0.83 (0.30–2.27) 2.56 (0.76–8.68) 1.18 (0.70–1.99) 1.33 (0.72–2.46) 0.73 (0.40–1.32) 0.88 (0.44–1.75)
$10 0.59 (0.21–1.68) 1.11 (0.24–5.10) 1.19 (0.72–1.96) 1.46 (0.79–2.71) 0.84 (0.49–1.46) 0.86 (0.42–1.74)
Occupation (n5483)y
Blue collar 1.00 1.00 1.00 1.00 1.00 1.00
Lower white collar 2.80 (0.71–11.07) 6.94 (1.20–40.07) 1.00 (0.56–1.71) 1.00 (0.51–1.95) 0.69 (0.37–1.28) 0.61 (0.28–1.31)
Upper white collar 1.91 (0.46–7.96) 4.85 (0.57–41.28) 1.17 (0.69–1.99) 1.22 (0.53–2.83) 0.80 (0.45–1.44) 0.95 (0.36–2.47)
Housewives 7.61 (1.79–32.36) 9.25 (1.50–57.15) 0.89 (0.39–2.02) 0.84 (0.32–2.22) 0.69 (0.27–1.72) 0.68 (0.23–1.98)
Anthropometrics
BMI (n5489)z
Normal weight 1.00 1.00 1.00 1.00 1.00 1.00
Overweight 1.27 (0.41–3.95) 2.22 (0.55–8.97) 1.79 (1.11–2.88) 1.92 (1.13–3.27) 1.65 (0.97–2.83) 2.13 (1.16–3.91)
Obese 3.35 (1.16–9.64) 6.10 (1.52–24.57) 1.13 (0.63–2.03) 1.41 (0.72–2.75) 1.22 (0.64–2.33) 1.51 (0.70–3.25)
Waist circumference (n5487)x
No central obesity 1.00 1.00 1.00 1.00 1.00 1.00
Central obesity 3.11 (1.27–7.60) 3.54 (1.13–11.11) 1.04 (0.68–1.60) 1.20 (0.71–2.01) 1.05 (0.65–1.71) 1.33 (0.73–2.41)
Behavioral
Total PA (n5430){
1st third 1.00 1.00 1.00 1.00 1.00 1.00
2nd third 0.35 (0.11–1.10) 0.35 (0.10–1.16) 0.64 (0.37–1.10) 0.61 (0.35–1.06) 0.65 (0.35–1.19) 0.64 (0.34–1.19)
3rd third 0.46 (0.15–1.39) 0.69 (0.20–2.46) 0.62 (0.35–1.09) 0.64 (0.35–1.17) 0.56 (0.30–1.07) 0.59 (0.29–1.18)
Leisure time PA (n5483)k
1st third 1.00 1.00 1.00 1.00 1.00 1.00
2nd third 2.33 (0.72–7.50) 1.94 (0.53–7.09) 0.99 (0.59–1.67) 0.88 (0.49–1.56) 0.83 (0.46–1.50) 0.71 (0.37–1.38)
3rd third 1.59 (0.44–5.70) 0.75 (0.15–3.65) 1.10 (0.64–1.89) 0.98 (0.53–1.82) 1.11 (0.61–2.01) 1.07 (0.53–2.13)
Sitting position (n5487)#
Below or at the median 1.00 1.00 1.00 1.00 1.00 1.00
Above the median 1.74 (0.74–4.09) 1.52 (0.54–4.31) 1.38 (0.90–2.10) 1.43 (0.88–2.34) 1.26 (0.79–2.02) 1.17 (0.67–2.05)
Smoking status (n5488)**
Never 1.00 1.00 1.00 1.00 1.00 1.00
Former 0.68 (0.22–2.11) 0.68 (0.13–3.61) 1.58 (0.96–2.60) 1.17 (0.65–2.13) 1.17 (0.65–2.10) 1.06 (0.52–2.16)
Current 0.51 (0.11–2.34) 1.78 (0.31–10.20) 1.25 (0.68–2.30) 1.28 (0.63–2.59) 1.69 (0.90–3.19) 2.09 (0.97–4.48)
Tobacco consumption (n5481)yy
None 1.00 1.00 1.00 1.00 1.00 1.00
Lower 0.85 (0.27–2.68) 0.88 (0.17–4.68) 1.58 (0.92–2.71) 1.38 (0.73–2.59) 1.15 (0.60–2.19) 1.28 (0.61–2.69)
Higher 0.21 (0.03–1.65) 0.61 (0.07–5.64) 1.40 (0.80–2.43) 1.17 (0.60–2.29) 1.60 (0.88–2.90) 1.80 (0.86–3.78)
OR, odds ratio; CI, confidence interval; BMI, body mass index; PA, physical activity; MET, metabolic energy equivalent task.
Note: Bold type indicates statistical significance.
* Adjusted for age, sex, education, BMI, total PA, and smoking status, except in waist circumference (not adjusted for BMI) and in tobacco consumption
(not adjusted for smoking status).
y Six students were not considered in the analysis.
z Normal weight: BMI!25.0 Kg/m2; Overweight: 25.0 Kg/m2#BMI!30.0 Kg/m2; Obese: BMI$ 30.0 Kg/m2.
x Central obesity defined as waist circumferenceO102.0 cm in men andO88.0 cm in women.
{ Thirds of total PA (MET-h/d):!1.39, 1.39 to 1.57,O1.57 for men and!1.42, 1.42 to 1.50,O1.50 for women.
k Thirds of leisure time PA (MET-h/d):!4.50, 4.50 to 7.23,O7.23 for men and!3.00, 3.00 to 5.92,O5.92 for women.
# Median equal to 2.50 h/d.
** Never: participant that never smoked; Former: participant that stopped smoking for at least 6 months; Current: participant that smokes daily or
occasionally.
yy None: participant that never smoked; Lower: participant that smoked #7,547.03 cigarette packs across life; Higher: participant that smokedO7,547.03
cigarette packs across life.
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2382 F. Araujo et al. / The Spine Journal 14 (2014) 2373–2383of the previous studies relatively to lumbopelvic alignment
[6,7,15–17,19]. Despite this, it was proposed that men show
more frequently a postural pattern characterized by attenu-
ated curvatures of the spine (our Type 2), both in adults [18]
and adolescents [20]. However, our results show that, when
comparing with the frequency of neutral posture among
sexes, there are no differences in the odds between men
and women regarding presenting a Type 2 postural pattern.
Individuals in lower socioeconomic groups (formal ed-
ucation and occupation) showed higher pelvic incidence,
possibly reflecting the role of environmental influences
during early stages of life in defining adult posture, as
was previously suggested regarding BMI effect [19,32].
Not surprisingly, lower socioeconomic status was also as-
sociated with a more anterior displacement of sagittal bal-
ance and higher pelvic retroversion, in line with the
association of poorer contextual socioeconomic conditions
with worse physical performance, namely regarding stand-
ing balance [35,41].
Current smokers had higher odds of accentuated sagittal
curvatures of the spine (Type 4) independent of other socio-
demographic, anthropometric, and behavioral characteris-
tics. Although mechanisms are not fully understood,
smoking habits have been suggested to negatively influence
strength and physical performance [42,43] and could in-
crease muscle fatigability [44]. Smoking is a risk factor
for osteoporosis [45], and decreased bone mineral density
causes spinal structural changes that promote disc degener-
ation and anterior vertebral wedging that result in increased
thoracic kyphosis [46,47] and, then, may affect alignment
of other spinopelvic regions.
Sagittal postural patterns described in our study have the
expected sagittal spinopelvic alignment in accordance with
Roussouly classification [23]. Nevertheless, higher com-
pensatory pelvic retroversion was observed in Types 1
and 2 postural patterns, possibly denoting that pelvic pos-
tural adaptations occurred in our general adult sample. Giv-
en that pelvic tilt and sacral slope are inversely related [24],
such changes would leave those subjects to specifically ex-
hibit these two adaptative postural patterns of smaller sacral
slope.
Neutral postural pattern (Type 3) was the most prevalent
in our study (42.3%), and prevalence estimates are between
those reported in asymptomatic volunteers and low back
pain patients [6], likely reflecting the case-mix occurring
in the source population of our study sample.
The present study provides unique information contribu-
ting to the comprehension of the complex nonneutral stand-
ing postures among adults. Nevertheless, some limitations
need to be considered. The cross-sectional nature of this
study precludes the establishment of a temporal sequence
in the relation between participants’ characteristics and sag-
ittal spinopelvic alignment, requiring the judgment of po-
tential reverse causation by which sagittal posture may
itself determine characteristics, such as occupation, BMI,
and physical activity.The subject’s position for radiographic acquisition was
standardized according to routine operating procedures in
a clinical setting, and interexaminer variability between ra-
diology technicians is expected. However, all radiology
technicians were unaware of the hypothesis under study
and participant allocation to each examiner was performed
only on the basis of logistic procedures. Finally, although
important evidence has emerged from our study regarding
potential determinants of Type 1 postural pattern, the small
number of participants showing this particular sagittal
posture limits the statistical power of the comparisons
conducted.
In our study, we were able to analyze the relation of indi-
vidual and contextual characteristics with standing posture in
a sample showing a wide range of values regarding diverse
characteristics and also of sagittal standing spinopelvic or-
ganization. Our results support that specific groups among
the adult population may be more likely to present morbidity
relating to the spatial orientation of sagittal standing posture,
such as those with older age, from a lower socioeconomic
status, and presenting overall or central adiposity. In addi-
tion, higher BMI and central obesity were also strong plau-
sible determinants of all nonneutral postural patterns.
Future strategies targeting excessive adiposity, preferably
promoting physical activity, may favor overall sagittal bal-
ance. Concordantly, reducing the prevalence of overall and
central obesity at a population level might prevent the occur-
rence of Type 1 postural pattern,whereas reducing overweight
probably would decrease both Types 2 and 4 nonneutral pos-
tural patterns. Formal estimation of the effectiveness of over-
weight prevention and management in avoiding sagittal
misalignment will be a valuable research object.
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